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The microstructural features of the  sevrguk stony meteorite, 

in i t s  three color variants, are discussed. Predominantly 

e l l i p t i c a l  chondrules, of both mno- and plysomatic types 

and mostly of ol ivine and rnombic pyroxene composition were 

found in a l l  t h e e  variants. 

minerals in the meteorite are tabulated, showing the  presence 

of i ron and t r o i l i t e  in the  black var ie ty  and nickel-iron 

with an i o c i t e  s h e l l  in the  gray tYypes. 

points  t o  thermalmetarnorphism; the black and dark gray 

var i e t i e s  are interpreted a s  mdi f i ca t ions  of the l i g h t  gray 

The quantitative r a t i o s  of 

The i o c i t e  content - type. 

1. Introduction 

The Sevryuk meteorite f e l l  on May ll, 1878 i n  the neighborhood of the vil- 

lage of Sevryuk in Kursk Cblast, Fbst of it is now in the Museum of the Kharkov 
~ 

State  University, and a considerable part of i t  i s  in the meteorite collection 

of the USSR Academy of Sciences (Bib1.1, 2). 
I 

Three color va r i e t i e s  are distinguished in t h i s  meteorite: black, gray and 
I 

l i g h t  gray; they are sharply demarcated from each other. 

Chondrules up t o  2 - 3 mm i n  diameter are seen in a f resh  f rac ture  in the 

gray and l i g h t  gray varieties of the  meteorite. 

*?!umbers in the  margin indicate paghation in the  or ig ina l  foreign text. 

Against a dark background in a 
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f r ac tu re  of the  black variety,  in some places, small segregations of ore miner- 

als (nickel-iron and t r o i l i t e ) ,  tenths of a millimeter in size,  are observed. 

2. Structure and Corns i t i on  of the Chondrules 

Under microscopic examination of the meteorite, chondrules and t h e i r  frat 

ments are observed i n  a l l  three varieties. 

e l l i p t i c a l ,  less often spherical  or irregular. 

chondrules are found. Their ninerabgical composition varies. Chondrules con- 

s i s t i ng  of olivine and rhombic pyroxene are most frequent; chondrules with 

clinopyroxene and vi t reous masses are less fmquent. 

The chondrules are f o r  the  m.&. y t  

Both monosomatic and plysomatic 

Fig.1 Chondrule of EccmtrioRadiate  Structure 

Gray var ie ty  of meteorite. Section N0.62, 
Transmitted l ight.  i i t hou t  analyzer. X 100 

and Pyroxene Composition. 

In the gray var ie ty  of the meteorite, over an area of ll0 mm2, 42 chon- 

drules were observed, and in the black variety,  36 chondrules over an area of 

$0 m'. Chondrdes of spicular (barred) completely c q s t a U i n e  granular ec- 

centric-radiate type are most often encountered, w h i l e  chondrules of porphyritic 

and vi t reous structure are less common. The out l ines  of the chondrules are not 
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always sharp, sometimes they can be distinguished only with difficulty 

r ing surrounding them) from the  segregations of  t r o i l i t e  and nickel-iron, 

(by the 

Spicate (columnar) chondrules consist of one o r  several ske le ta l  crystals  

of olivine. The most frequm-t width of the bars is  0.02 - 0.03 mm, A vitreous 

mass o r  rhombic pgrmene is found between these bars; in some chondrules the  

ske le t a l  crystals from the edges of the chondrule are surrounded by tabdm 

csystals  of olivine,  less often by crystals of rhombic pyroxene. 

The fully crystal l ine granular chondrules a r e  predominantly 1.2 X 0.7 mm in 

ckiameter. ??ley consist of smal l  grains of ol ivine and less often of rhombic /102 

p2croxene. The size of the grains of 

rhombic pyroxene i s  larger  i n  nost cases than tha t  of the ol ivine grains, so 

The shape of the  g r a b s  i s  tabular. 

t ha t  the chondrules sometimes have a porphyritic structure. 

Fig.2 Chondrule of Ikcentridiadiate-Fibrous 
Structure and psroxeple Composition. 

Gray var ie ty  of meteorite. Section N0.62. 
Transmitted l i gh t ,  Without anakmer, X 35 

Eccentric-radiate chondrules. Their s t ructure  i s  eccentric-radiate. The 

f i b e r s  composing t h e  chondrules consist of rhombic pyroxene and range in thick- 

ness from lines hardly perceptible under the  microscope t o  hundredths of a milli- 

3 
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meter. 

c q s t a l l i n e  mass, apparently likewise of ens ta t ic  composition. 

chondrules i s  el l ipsoidal ,  less often spherical  (Figs.1 and 2). 

ranges from 2 x 1.5 x n  downward. 

The spaces between t h e  fibers a r e  f i l l e d  with a vi t reous o r  s l igh t ly  

The shape of the 

Their size 

Fig.3 Chondrule of Por&&tic Structure 
Black-vitreous massI Light gray - olivine grains. 

Gray var ie ty  of meteorite. Section 190~62. 
Transmitted l i gh t .  Without a n a l p e r ,  X 35 

The section 1.~0.63 was found t o  cpntain a chondrule in the form of an elon- 

gated e l l ipse ,  one half with a uniiform granular s t ructure  of ol ivine composition 

and the other of radiate-fibrous structure, consisting of rhombic pyroxene and 

clinopyroxene. 

PorDhvritic chondrules, These chondrules consist of grains of ol ivine of 

p r i m a t i c  and tabular form, 0.1 - 0.3 mm in size, included in  a vi t reous o r  

weakly crys ta l l ine  mass, probably o f  pyroxene composition (Fig.3). The mean di- 

mensions of the  chondrules a r e  1.5 0.8 m~ 

Vitreous chondrules. One chondrule of a b s t  regular spherical form, /103 
0.3 mm i n  size, was found in the black var ie ty  of t he  meteorite. I ts  s t ructure  

was vitreous, and in certain regions t h e  glass was devi t r i f ied,  
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7ragments of chondrules with well-preserved structure a r e  also encountered 

in the  in t e r io r  of the meteorite. 

TABLE 1 

Si l i ca t e  portion (olivine, p o x e n e ,  and others) 

Nickel-iron .................................... 
'Trcil i te ....................................... 
Dustlike grains of t r o i l i t e  and iron smaller 

than 10 ~r .................................... 
Tro i l i t e  in fine accretions with nickel-free 

i ron ......................................... 
Tro i l i t e  partially converted into i o c i t e  ....... 
GI--omite ....................................... 

Tota l  ........ 
Area of polished sections measured .... 

Varieties 

Gray 

-00.0 

BO rmn" 

Black 

91.3 

4.4 

0.3 

2.2 

1.0 

0.6 

0.2 

10.0 

290 m2 

The content of ore (opaque) minerals, t r o i l i t e  and nickel-iron, in the 

chondrules i s  lower than in the  meteorite as a whole and amounts t o  only tenths 

of a percent. 

An elevated content of magnomagnetite i s  observed in the vitreous mass of 

some chondrules, a t  almost complete absence of t r o i l i t e  and nickel-iron. 

3 . Quantitative Mineralogical Conwsition of the Pieteorite 

Under the microscope, the following minerals were found in the meteorite: 

5 
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olivine,  rhombic pyroxene, clinopyroxene, vi t reous mss (mostly of m x e n i c  

composition), rLckel-iron, native nickel-free iron, t r o i l i t e ,  c'momite, magne- 

t i te,  magnomagnetite, and ilmenite, 

An estimate of the quantitative e m t e n t  of &ersls, made by t h e  linear 

method i n  ref lected l igh t ,  gave a different content fo r  certain minerals in the 

gray and black varieties of the meteorite. 

magnetite reaches 0.6 in the  black variety (Table 1); in the gray and l igh t  gray 

varieties of the  meteorite, magnetite i s  found o n b  in rare isolated grains 

(amounting t o  less than a hundredth of a percent). 

are found in the  f ine ly  divided dust state in the  black var ie ty  of the  meteorite, 

It can be seen from Table 1 that the content of dustlike t r o i l i t e  and nickel- 

i ron pa r t i c l e s  smaUer than 10 m is 2.S by v o h e .  

The percentage of a mineral like 

Troi l i te  and, in part, iron 

L 

Fig.4 Graphic Structure of Accretion of Native 
Iron (Xhite) with Tro i l i t e  (Light Gray) 

meteorite, O i l  immersion. Reflected l igh t .  X 1250 
Along the edges (dark gray), ioc i te ,  Gray var ie ty  of the  

The presence of native i ron  in fine accretions with t roi l i te  s'hould be 

noted, This was shown t o  be entire* free of nickel, 

Ilmenite, a very rare mineral in meteorites, i s  observed in the form of 

6 
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single  grains in a l l  three varieties of the sevr;fuk meteorite. 

4. Xicroscopic Description of the Ifinerals 

TrciEte. 5, the  g a y  u;d Xght gray va r i e t i e s  of t he  meteorite, t r o i l i t e  

forms relatively coarse segregations ranging in she  from hundredths of a mil3i- 

meter t o  0.5 mm. 

in the black var ie ty  of the meteorites, 

times with veined branches. 

Large segregations of t r o i l i t e  are considerably less frequent 

Usually, t h e i r  shape i s  irregular, at  

h d e r  polarized l i g h t  a finely granular s t ructure  

Fig.5 Tro i l i t e  Accretion with Kative Iron 
(Ihrginal Par t )  and ( a t  the Center) 

Continuous Segregation of Hative Iron 
Light gray variety of the meteorite. 

Eleflected l ight .  X 108 

i s  observed in t r o i l i t e ,  with grains h d r e d t h s  and thousandths of a millimeter 

in size. 

tare of t r o i l i t e  with native iron is  observed, t he  grains of both minerals 

In some coarse segregations, however, a peculiar concretionary struc- 

having the  same shape and a s i z e  iri tliousandt'ns or" a millimeter. In other 

regions this concretionaq structure resembles a graphic texture, with the  

t r o i l i t e  having an elongated and, occasionam, vermicular shape whose grains 

7 
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are several microns i n  size and appear as though enbedded in the native iron 

(Fig.4). 

segregations, whose center contains a monomineralic f o m t i o n  consisting of 

t r o i l i t e  or nickel-iron (Fig. 5 ) 

Sometimes such s t ructures  a re  observed i n  t h e  peripheral parts of the  

It is  very interest ing t o  note that sometimes the  accretions of native iron 

have a magnetite fringe (mantle) several microns thick (Fig.4) with d i s t i n c t  

i ron  faces, which i s  not observed in the accretions of t r o i l i t e  and nickel-iron 

without fringes, 

Fig.6 Dustlike Grains of T r o i l i t e  
Black var ie ty  of meteorite, &%f lected 

l i gh t ,  O i l  immersion, X 1250 

%all grains of t r o i l i t e ,  in most cases dustl ike,  predominate in the black 

var ie ty  of t h e  meteorite (Fig.6). 

metric and, occasionally, of oval shape, are embedded in t h e  silicate portion of 

These &remely minute formations, of iso- 

the  meteorite, forming "densely distributed regions" tenths of a millimeter in  

size,  %-e3 often m t l e  grains of olivine, pp-oxene, and chromite, These DO5 

dust l ike grains are tenths  of a micron in size,  and r a re ly  reach several  microns. 

T ro i l i t e  veins, ranging in width from 1 - 2 microns t o  tenths  of a micron, 

8 



* 

and several  microns in length (cf. Fig.10) occur ra ther  often in the black v a r  

i e t y  of the meteorite. They occur i n  t he  form of s t ra ight  lines or of meander 

ing curves. 

Fig.? Beumann Lines (?) of Hickel-Iron 
Gray var ie ty  of neteorite. O i l  

inmersion. Reflected l ight .  X 1250 

Often, especiaw in the  black var ie ty  of t he  meteorite, one encounters 

t r o i l i t e  segregations of spherical form (globular) , hundredths o r  thousandths of 

a millimeter in size. In- 

clusions of extremely minute droplike segregations of nickel-iron are observed 

In some places they have a s l igh t ly  elongated shape. 

i n  some t r o i l i t e  spheniles. 

Nickel-iron, represented by taeni te  and kamacite, i s  encountered in amall 

quant i t ies  in the  meteorite. 

usually the  same in shape and s i ze  as t r o i l i t e ,  and is sometimes concreted with 

it. 

magnifications in o i l  immersion (Fig. 7). 

Its mean content i s  about 4% by volume. It is  

In some segregations of nickel-iron, Keumann lines are observed a t  high 

In  the black var ie ty  of the meteorite, and less often in the  gray variety,  

segregations of nickel-iron are completely (or sometimes only partially) sub- 

s t i tu ted  'cy magnetite, with the  formation of a corrosion s t ructure  (Fig.8). In 

9 



rare cases, the black var ie ty  of t h e  meteorite exhibi ts  regions with scattered 

droplike segregations (globules) o f  nickel-iron (Fig.9). 

Kative nickel-free iron. Besides taenite and kamacite, native i ron  i s  also 

found i n  the S e m p k  metecrite. 

and forms a fine, and sometimes a graphic, concretionary structure with the 

t r o i l i t e  (Fig.&) . 

2 5 s  native iron i s  entirely free of nickel 

Pig.8 Corrosion Structure of Substi tution of Iron 

Black var ie ty  of meteorite. ,%fleeted l ight .  X 500 
(;Shite) by Ioc i te  (Gray) 

Some segregations with such a texture have partly been transformed, along 

the  edges, into magnetite; however, there are a lso  accretions in which the  

native i ron  has been completely replaced by magnetite, w h i l e  the t r o i l i t e  grains 

have persisted; in that case the  components of the  graphic texture are t r o i l i t e  

and magnetite, 

The diagnostic signs f o r  native iron are fo r  t he  most part similar t o  BO6 

t'no se of nickel-iron. 

A chemical microanalysis of t h e  above segregations f o r  the presence of 

nickel, made by the author, yielded negative results. The same microchemical 

10 



tests were repeatedly made b r  A.P.iJasedkin and Ekewise proved the  absence oi” 

nickel  in  the  i ron and t r o i l i t e  forming aggregates with a f i n e  concretionary 

texture. 

Fig.9 &all Sphmalers of Nickel-Iron 
Gray var ie ty  of meteorite. 

Reflected light. x 500 

Magnolnametite (7). This mineral is observed in the  form of sparse grains 

i n  a l l  three va r i e t i e s  of the  meteorite. 

clusively in the vi t reous mass and ‘have an irregular rounded and less often 

o ctahedral shape . 

The grains are usually encountered ex- 

Iocite.  This was formerk7 taken by me  as a mineral of magnetite; it i s  en- 

countered i n  a l l  three varieties of t h e  meteorites, but in the  greatest quantity 

i n  the  black var ie ty  (sometimes as much as 0.6% vel.$) . 
I o c i t e  i s  almost always observed in association with i ron  and t r o i l i t e ,  

from which it was formed by oxidative processes. 

meteorite, there are segregations of *on more t’nan two thirds of which have 

In the black var ie ty  of the 

been transformed in to  ioc i te ,  thus forming aggregates with a peculiar corrosion 

s t ructure  of substi tution (Fig.8) . 



In other cases, t r o i l i t e  and native i ron in the marginal parts of the con- 

cret ions have passed over in to  ioc i te ,  forming a fine s h e l l  up t o  several 

microns i n  thickness, 

ance ol" a single c q s t a l  wit'n clearly defined faces  (Fig.4). 

The ioc i t e  i n  such segregations sometimes has the  appear- 

Very rare extremefy fine veinlets  of i o c i t e  are found, with width up t o  one 

micron in the  form of ramifications from larger  segregations and veins of ioci te .  

I n  the  section 110.48, a ve in le t  of i o c i t e  about 2 p in  width was found 

(Fig.10). The veinlet  passes through a chromite grain and through t h e  extremeb 

fine t r o i l i t e  ve in le t s  it encounters, and can then be fol lowed into segregations 

02 t r o i l i t e  in a fine accretion with native iron; in places, t he  concretions 

have a graphic texture. 

posit ion took place a t  a later period than the  fonnation of the chromite and 

t r o i l i t e  with the  graphic texture. 

from the followb-g diagnostic indices: mineral of gray color; index of reflec- 

t ion  R E l6$; isotropic;  no in t e rna l  reflections noted. Diagnostic etching: 

FeC13 and Cu(0H)z - negative; HCl - positive, blackening of t he  mineral; " 0  

violent  foaming noted. 

Consequently, the  formation of ve in l e t s  of i o c i t i c  c o w  

Ioc i te  i s  determined in ref lected l i g h t  /107 

- 

A h s t  similar signs are exhibited 

Chromite. 

a r t i f i c i a l  FeO ( G s t i t e ) .  

This is  more or  l e s s  uniformly dist r ibuted in  a l l  the varieties 

of the  meteorite. 

are of irregular shape and are hundredths of a millimeter in size, 

va r i e ty  of the meteorite, the  chromite is  often pierced by extremely fine vein- 

le t s  of t r o i l i t e  (Fig.lO), and sometines it i s  mantled by the  t r o i l i t e  along the 

periphery of the  grain, 

t r o i l i t e  are observed i n  the  chromite. 

Its average content is  0.3 voL$. The chromite veins usually 

I n  the black 

In infrequent cases, snall droplike inclusions of 

Ilmenite. This i s  a very rare nineral. It i s  found i n  the  meteorite in 



t he  form of single segregations o r  grains. 

lowing signs: c o b r  brow.is+gra;,J, with a faint r edd i sbbrom tinge in oil, in- 

dex or" ref lect ion R = 1%, double ref lect ion weak and s t r o n g b  anisotropic, in- 

ternal dark-brown ref lect ions noted vi5h o i l  - h e r s i o n ,  great hardness, not 

scratched by steel needle. 

is negative. 

Rmenite i s  determined from the f o l -  

Diagnostic etching with the usual standard reagents 

Fig.lo Ioc i te  Veinlet 
Black: chromite pierced by fine veinlets 
of t r o i l i t e .  dh2te: native i ron  in  fine 

accretions w i t h  t r o i l i t e .  M l e c t e d  l i g h t  . 
O i l  h e r s i o n .  X I250 

The segregations of ilmenite f o u d  have an isometric form and are hundredths 

of a millimeter in size. 

found in the section No.&€? of the grayvariety.  

The coarsest segregation i s  0.1m in dimeter and was 

The segregation was embedded in 

the  silicate portion and was surrounded by small granules of chromite. The il- 

m e n i t e  segregation has small droplike inclusions of t r o i l i t e  3 - 5 microns in 

size, arranged i n  the form of a chain (Fig.IJ]. The polished section shows a 

microgranular structure,  with grain sizes up t o  several  microns, i n  the segrega- 

tion. 

In the section No.49 of the black variety of the  meteorite, the nickel-iron 

13 



showed a segregation of ilmenite of 

minute inclusions of nickel-iron (F 

hexahedral form, 0.07 mm in s i ze ,  with 

g.12). 

Olivine, This occurs most frequentxy in the groundmass of tf;e meteorite, 

cementing the  chondrules, and also f~ncs t h e  entire mass or" the  chondrules o r  a 

par t  of it. Olivine is  observed in the form of discrete inclusions i n  the t roi-  

l i t e  and nickel-iron. 

In the i n t e r s t i t i a l  mass, t h e  olivine grains have a tabular, lent icular ,  

o r  pr i sna t ic  shape; t h e i r  average size i s  i n  hundredths of a millimeter. 

times minute grains of olivines a r e  hcluded i n  the ens t a t i t e  c rys ta l l i t es .  

some regLons there i s  a weakly c q s t a l l i z e d  vitreous mass between the ol ivine 

grains, apparently of ens ta t ic  composition (or maskelmite). 

Some- 

In 

In the  form of in- 

Fig. l l  Segregation of Ilmenite (11) 
White: t r o i l i t e .  Gray: s i l i ca tes .  
Light gray var ie ty  of the  meteorite. 

Reflected l ight .  X 167 

clusions in the  ol ivine grains, w e  found nickel-iron, t r o i l i t e ,  and, infrequent- 

ly, c b z c ~ t e .  The ol ivine c rys ta l s  a r e  colorless. 

Rhombic moxene .  This, l i k e  olivine, enters  in to  the  composition of the  

groundmass of the meteorite and in to  the composition of the  chondrules. It most 
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. 
often forms radiate chondrules and i s  of subordinate b p r t a n c e  in the  other 

chondrules, 

green surface, character is t ic  of this mineral. 

I n  transmitted Light, i t  i s  colorless and shows a d i s t i n c t Q  sha- 

Climmyroxene. ?%As is  found 5a the form or" sparse grains of prismatic 

shape, 0.15 - 0.05 mm in size. 

theticaU;;7 twinned. 

meter in size, a r e  encountered here, 

24'). 

In  places, i ts crys ta l s  are f inely and polpyn- 

Minute inclusions of ol ivine grains, hundredths of a ~ 5 - 1 3 -  

The extinction angle of clinopyroxene i s  

Clinopyroxene i s  occasionally found in chondrules, associated with rhombic 

I "  

Fig.l2 Grain of ilmenite (Gray) of Hexahedral Form 
Xhite: nickel-iron. Black var ie ty  of meteorite, 

ileflected l igh t .  X 500 

Vitreous mass. This is  found t o  a considerable extent in the  meteorite; 

estimated in the  section No.48 (gray variety of t he  meteorite), the  content of 

vitreous mass is 7 - 8 voL% 

The regions conpsing the  vi t resus  mss a re  c lear ly  v i s i b l e  in the  polished 

sections under ref lected l igh t ,  

form of S m a l l  regions in the black variety and in the  form of larger  regions in 

the  l i gh t  gray, 

"he vitreous mass i s  usually observed in the 

The s ize  of these zones i s  in general hundredths of a m i l l i -  

15 



meter. 

often observed between the grains of olivine and pyroxene, 

a mesh structure. 

inclusions of the  minerals tmili te,  rL&el-iron, and magnomagnetite, 

eones have been found in which t h e  content of magnomagnetite in the  form of 

dust l ike grains i s  as large as several percent, 

o l iv ines  and pyroxene a re  also of ten m e t  in the vitreous mass, 

mass has also been found in chondrule i n  the form of extremely minute regions 

between grains of olivine or  pyroxene. 

in the i n t e r s t i t i a l  mass between the  chondrules, vitreous matter i s  most 

Such regions take on 

In  some regions of this structure,  there are extremely minute 

Vitreous 

Besides that, minute upraks of 

The vi t reous 

5. Conclusion 

The Sevryuk meteorite, consisting of three varieties, gray, light-gray and 

black, i s  composed mainly of olivine, pyroxene, and vi t reous mass, 

quantit ies,  also nickel-iron, t r o i l i t e  and chromite are encountered, 

In smaller 

Isolated grains and segregations of ioc i te ,  ilmenite, and native nickel- 

In the  gray variety,  less often in the free i ron  are  found in the  meteorite. 

black var ie ty ,  aggregates of native irons and t r o i l i t e s  have a th in  lamellar 

concretionary structure and sometimes a graphic texture. 

The black var ie ty  of the  meteorite contains iron and t r o i l i t e ,  mainly i n  

the form of fine veinlets,  in the  dust state, etc. 

i ron i n  this var ie ty  of the  meteorite has been substituted by ioc i t e ,  

gray varieties, the aggregates with a fine concretionary s t ructure  of t r o i l i t e  

and nickel-iron have an i o c i t e  mantle in  r a r e  cases. 

In addition, some of the 

In the 

Yne presence of the mineral i oc i t e  i n  the meteorite indicates  tha t  the 

meteorites were subjected t o  thermal metamorphism. 

t u r a l  and textural features and of the mineralogical compositions, it should be 

Gn the basis of the  struc- 

16 
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postu-ated t h a t  the  black and gray var ie t ies  of t h e  meteorite are modifications 

of the  l i g h t  gray variety. 

dent%: due t o  the  presence of f h e b  divided ioc i te ,  t r o i l i t e ,  and nickel-iron, 

It should also be mted that b c i t e ,  which is extremely rare on ear th  (e.g. in 

the &vas of Vesuvius), was found for the  first time in the  sevrguk meteorite as 

a secondary mineral fonned from the  iron by thennal a l terat ion.  

Tne black and gray color of the varieties i s  evi- 

Likewise fcr 

the first time, segregations w i t h  a fine concretionary structure of t r o i l i t e  and 

nickel-free nat ive i ron are encountered. 
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